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The winter tick, Dermacentor albipictus, is a one-host tick commonly found on many North American cervidae. In Alberta, Canada the winter tick has a predictable annual cycle. An infestation of larvae takes place in September and during winter and early spring the ticks will develop via nymphs into adults. In April adult females will drop of the host to lay eggs. Prior to each moult, the tick must take a blood meal from the host (Drew & Samuel 1986, 1989).
Moose (Alces alces) are the most important host of the winter tick and are the most severely affected (Welch et al 1991). In moose, tick infestation causes hair loss due to extensive grooming behavior, depletion of visceral fat stores and weight loss. The reduction of energy reserves caused by winter tick feeding activity, as well as the compromise of thermoregulation as a result of winter hair loss could also make the severely affected species more susceptible to malnutrition, disease and predation (Mooring & Samuel 1998a). The probability that the host will develop winter tick related disease symptoms depends on the host species. Its current health status and body condition are also playing an important role in the susceptibility of developing diseases. Finally it depends on the  weather and of course on the amount of ticks the host is infested with (Workshop 2008).

The winter tick has seldom been reported on Caribou (Rangifer tarandus). Welch 1990 (Welch et al 1990a) reports infestations of winter tick on woodland caribous (Rangifer tarandus caribou) and captive reindeer (Rangifer tarandus tarandus) in Alberta. In 1988 large numbers of ticks (4,446 and 411,661 ticks) were found on two reindeer in Edmonton Valley Zoo. These large numbers of ticks may have been due to an unnaturally high transmission rate in captivity. Two other reindeer, who shared the same pen with one of the infested reindeer, were observed to groom extensively in early April with one of these reindeer having extensive hair-loss on its neck, similar to that caused by winter tick on moose. The hair coat from the large infested reindeer was not disturbed (Welch et al 1990a). 
Recently there was another report. Two farms in Alberta reported a massive infestation with ticks, most likely winter tick. 
Many reindeer have been moved from northern herds, where ticks do not occur, to more southern game farms within the range of the winter tick (Welch et al 1990a).

Grooming behavior, and secondary hair loss, is elaborately investigated (DelGiudice & Petersons 1997; Drew & Samuel 1985; Glines & Samuel 1989; Mclaughlin & Addison 1986; Mooring & Samuel 1998a, 1998b, 1999, Samuel 1989, 1991) in moose and elk and compared for moose, elk, mule deer and white tailed deer. The difference within these four species is the fact that moose and mule deer show their most extensive grooming only in March and April when the adult ticks are feeding, whereas elk and white tailed deer show their most extensive grooming behavior before that time and therefore they remove a lot of ticks before they are fully grown an do most harm (Welch et al 1991). For elk this behavior is explained in a model of programmed grooming behavior (Mooring & Samuel 1998b).
Programmed grooming is an adaptive behavior to preventively remove ticks before they can attach and take blood meals. Programmed grooming is driven by an internal, central signal, independent of tick bites. A baseline level of grooming will be performed even in a tick-sparse or tick-free environment. The model of the programmed grooming predicts that those animals that groom the most will carry the fewest ticks. On the opposite of this model there is the model of stimulus driven grooming. This states that grooming is a direct response to cutaneous irritation caused by tick bites and other sources of irritation (Mooring & Samuel 1998a,1998b). When ticks feed they introduce pharmacological agents to the host via their saliva (Mooring& Samuel 1998a,1998b, Samuel 1991) and the animals immune system responds by releasing histamine from dermal mast cells at the site of the bite. When the ticks are adults, much more saliva will be injected which causes much more irritation than larvae and nymphs will cause. The model of stimulus driven grooming predicts that those animals that groom the most will carry the most ticks. When tick challenge is low animals will groom little. The stimulus driven grooming model is proven to moose who groom little during larval and nymphal stage and most during the adult stage of the tick (Mooring & Samuel 1998b). The most likely reason for such ineffective grooming is that the evolutionary relationship between moose and winter tick is so recent that moose have not adapted yet by developing a more effective grooming behavior. 
It would be short-sighted to consider that only one process is involved in the regulation of grooming. Both central control and stimulus driven mechanisms must operate concurrently and proper functioning of the central grooming mechanism could only be carried out when the stimulus-driven model gives information on current levels of tick infestation. Although these mechanisms have to work together within one animal, just one of the mechanisms is primarily present (Mooring & Samuel 1998, 1999)  .






The research was conducted in Alberta, the infested and uninfested herd laying 225 km apart. The uninfested herd is the control group in this study.
At the start of the study the infested herd consisted of 31 reindeer: 17 cows (adult females), 13 bulls (adult males) and 1 calf (meaning a male or female less than 1 year old). The infested group was kept on three connecting  pastures, containing  grasses, shrubs and trees. One other animal, a llama (Lama glama), was also kept on the same pastures.
The control group consisted of 10 reindeer: 7 cows and 3 calves. They were kept on one pasture containing grasses and a wind shelter.

Grooming behavior observations
The grooming observations were executed from October until December.  The animals were observed visually and by using binoculars. They were all individually identified by their ear tag. The data recorded included identification, individual grooming behavior, moment of the observation and weather conditions at the time of observation. 
Following Samuel (1991) and Mooring and Samuel (1998a) different types of grooming behavior can be distinguished. Oral grooming is performed by means of the tongue or the incisor-canine teeth and is directed to the body areas posterior to the neck. Scratch grooming involves scratching of the head, neck or shoulder with the hoof of the hind leg. Rubbing consists of rubbing a part of the body (head, neck, shoulder, back or flank) against an object like a tree. With head-rub grooming, the side of the head is rubbed against the body. These four kinds of grooming are effective in removing ticks. Two other kinds of grooming behavior are not considered capable of removing ticks. These are head-shakes and body-shakes.
The observations had a duration of one hour or shorter. Later all the grooming behavior were extrapolated to one hour. For every mode of grooming observed, the involved body part and the duration (in seconds) were also recorded. Observations were only made when the focal animal was standing.
Grooming behavior studies on the infested herd were accomplished in week 41, 43 (animals observed N = 6), 45 (N=17) and 47 (N=15) from October- November. The time of the day when the behavior studies were executed varied from just before noon until late afternoon. After this period it was decided to terminate all of the study objects because of unrelated health problems in this herd.
Grooming behavior studies on the control herd were accomplished in week 46, 48, 50 and 52 (all N = 10), from November-December. All observations on the control group took place mid-afternoon.
According to Welsh et al (1991) this period can be categorized to the cycle of the winter tick as larval feeding (October) and nymphal diapauze (November-December) which takes place before the nymphal feeding period. The exact protocol of the grooming behavior study can be found in Appendix I. 

Observations of herd activity
During this study a protocol for an activity sheet and activity observations were composed. In Appendix II, the definitive protocol for performing activity studies on reindeer, developed by the way of testing different drafts, can be found. 

Analysis of ticks
During the same time period as the observation studies, the pastures of the infested and control herds were flagged to prove the presence of the winter tick on the pastures of the infested group and the absence of it on the pasture of the control group. Flagging was executed by the methods described in Drew & Samuel 1985; Xiaohong & Dunley, 1998. The pastures of the infested herd were flagged 5 times from the beginning of September until late November. The pasture of the control group was flagged 3 times in November until snow fell (Witlox & Wauben unpublished).
From one bull of the infested herd that shortly before had died, 3 pieces of 50 cm2 hide were collected on November 27 from neck, shoulder and hip. Ticks retrieved from hides of dead animals should be representative, because the body temperature of the dying host animal is warmer than that of the surrounding, making ticks not disengage until they would have frozen (Mooring & Samuel 1998a). 
From all ten control animals, 50 cm2 of fur was clipped from the shoulder area, as closest to the skin as possible. Because of practical issues and expected heat loss of the animals it was decided only to shave this one area.
Pieces of hide and fur were digested for estimation of tick density following the techniques described by Welch & Samuel (1989).
The 50cm2 pieces of hide or fur were placed in 500 ml Erlenmeyer flasks containing 400 ml of 5% potassium hydroxide solution (19,80 – 19,85 g KOH). Approximately 2,5 ml of liquid detergent (dishwashing liquid) was added to the solution to disperse aggregations of fat. Then the flasks were placed in a water bath at a temperature of 85-90°C and stirred every 15-30 minutes until all hair and tissue had dissolved (3-4 hours). Next the solution was sieved trough a 150 µm sieve and the material that had not passed through the sieve was put into petri dishes where the number of ticks were counted. The determination took place by the characteristics of Dermacentor 
albipictus as Samuel (1988) stated.  For this determination larvae collected with flagging and nymphs collected with the skin and hair digestions were send to the Lethbridge Research Centre, Medical-Veterinary Entomology.

Any statistical comparison was precluded because of the small numbers of animals, the brevity of the observations and the fact that animals of the infested herd suffered from severe, unrelated health problems.

RESULTS
Flagging of the pastures showed the presence of winter tick larvae within the infested group (larvae were detected from the second flagging period, September 29th, and were still present during the last flagging period, November 27th, Witlox & Wauben unplubished) and the absence of winter tick larvae within the control group.
Tick analyses of the one dead bull from the infested herd showed 12 nymphs/cm2 on the neck, 12 nymphs/cm2 on the shoulder and 2 nymphs/cm2 on the hip. Tick analyses of the fur from the control herd were all negative. No other ecto parasites were seen.

Grooming data from the first grooming observations on the infested herd (week 41) are not recorded within these results, because of later adjustments of the protocol.
























































































































The control group consisted of 7 cows and 3 calves. Fig 3 shows the amount of total grooming behavior within these two age classes. It is difficult to draw any conclusions about their differences because of the small number of animals and the small number of observations. Nevertheless it seems calves have been grooming less during these observations than cows.






During this study two protocols were developed. One to perform grooming behavior studies on captured reindeer and one to perform an activity behavior study on captured reindeer. The latter to record  the

















protocol for activity observations on sheep was used, but this turned out not to work for this herd of reindeer. Because the activity study was not accomplished in a consequent way and problems in the infested herd showed up during the research, it was decided to terminate the activity study. However, in further research in captured reindeer the developed protocols can be used (Appendix).

Grooming in infested and uninfested group






rotation.  Because this rotation turned out not to be effective enough in eliminating the winter tick (Witlox & Wauben unpublished) and the two groups of reindeer were later combined together again on all the pastures, all the reindeer on this location had to be considered to be infested. Therefor another group of reindeer was introduced in this study to act as control group. Because of these changes in experimental design there was not enough overlap between the observation periods of the infested and control group. Behavior studies on the infested herd terminated too early and the studies on the control group started too late. Besides, the number of behavior studies was very small.
Growth and development of the instars of winter tick follows a predictable annual cycle and according to Welsh et al (1991), who categorized the months into the different life cycles of winter tick, the observations on the infested group started in the larval feeding period (October) and ended in the nymphal diapauze period (November-December). This could indicate that at the end of the study the larval feeding period, and therefore the cutaneous irritation, had ended. In moose, elk, mule deer and white tailed deer the least grooming is observed during nymphal diapauze and feeding period (Welch et al 1991). Nevertheless, the lifecycle of the winter tick is not validated for the reindeer in this study and even at the end of November larvae were still found on the pasture of the infested group and were able to infest and take blood meals. 
Although larvae could still be present  in November, they will decline rapidly in number when temperature decrease below 0° Celsius (Drew & Samuel 1985).  Therefore it would be possible that the ticks on the pasture of the control group had already vanished, since the flagging of this pasture took place in November. The tick analysis of the fur of the control animals however, showed the definitive absence of winter tick in this group.
 
Tick count on reindeer
The larvae found on the pastures and the nymphs found on one dead animal proved the presence of the winter tick within one herd. Ticks found on a dead animal are representative, but the tick density on this animal can not be predicted reliably by the way hide collection was performed in this study. Welch & Samuel (1989) states that a minimum of 15% of the hide, pieces randomly taken, must be analyzed to calculate a reliable tick density on the whole animal. That study also showed ticks are not evenly distributed on hides. Most ticks on moose were found ventrally and less ticks dorsally. The pieces of hide collected from the bull of the infested group in this study, showed in diminutive order numbers of winter tick on the lateral sides of shoulder, neck and hip. 

Gaining insight in normal grooming behavior
One remarkable fact in this study was that rubbing was never observed. This type of grooming behavior is also not known in elk (Mooring & Samuel 1998b). 
Another behavior never observed was reindeer grooming each other. One note that has to be made to be complete, is that the three calves in the control group were already weaned, suspecting mothers to groom their young calves.
Although the total grooming behavior (events as well as duration) within the uninfested group displays constancy over the four different time periods, this did not count for the different kinds of grooming. These were represented differently in the four observation periods (Fig 2). It is not possible to make responsible conclusions about normal grooming behavior out of this small amount of observations. Welch et al (1991) who accomplished grooming behavior studies much more frequently in his study (2-4 times weekly, 15 minutes) observed great variance of grooming frequency between individuals and between observation periods of the same individual. Therefore, to gain a good insight of normal grooming behavior in reindeer, more research is needed with more frequent observations.

Grooming by calves
Within our observations it seemed that calves groomed less than cows. Because of the small sample size, 3 calves and 7 cows, and the small amount of observations this can not be justified. In literature the exact opposite was found. Mooring & Samuel (1998a) stated that tick densities on moose calves (<1 year) were three times higher than on cows, and these calves oral groomed three times more than cows. Mooring & Samuel (1998b) stated that elk calves younger than 5 months groomed more than elk cows. This could be explained by the body-size priciple (smaller bodied animals, who have a larger surface-to-mass ratio making them more vulnerable to tick infestation). Furthermore there is the fact that calves are lower to the ground than adults and therefore present more body surface to possible ticks. Besides, blood loss in calves is more harmful because of their need of blood proteins for rapid growth and storing of reserves necessary for survival during winter. Finally it could be explained by the fact that grooming behavior in calves has lower costs. Costs of grooming are loss of saliva, excessive wear of grooming teeth, decreased vigilance against predators and other hazards, reduced foraging time and hair loss followed by thermoregulatory costs. Some of these costs are compensated in calves because of the replacement of deciduous teeth by permanent teeth and the care of their mothers. The latter does not count for the weaned calves in this control. 

Infestation of  bulls
Another comparison that was made within one herd was between bulls and cows. It was not possible to make a comparison between infested bulls and cows in this study, because there was a great variance within grooming behavior of both sexes, there was only a small number of observations  and there was a small sample size. Especially  bulls, who showed the most health problems, were not strictly represented. Drew & Samuel (1985) and Mooring & Samuel (1998a) found significantly more ticks on male moose than on female moose. The explanation of this could be found within the principles of rut. Activity of larvae occurs during moose, and also reindeer, rutting season. Males are walking longer distances during rut, exposing themselves to more ticks than cows. Nelson et al (in Drew & Samuel 1985) stated  that males of many host species carry a larger population of ectoparasites than females. It would be interesting to count tick numbers on (captured) reindeer bulls, compare these numbers to (captured) reindeer cows and see if there are differences in their frequency and duration of grooming. Therefore, observational studies have to be accomplished more frequently.

Body parts undergoing grooming
It could also be interesting to have a closer look at the body parts undergoing grooming behavior in relation to the amount of ticks found on the different body parts. According to our knowledge, no previous studies are executed on this subject so far. A question that came up was the role of headshakes and body shakes in the involvement of different body parts. Is the trigger of a headshake laying in the head area and the trigger of a bodyshake laying in the torso? Or are there more triggers from different origin that could cause these shakes? Because no fur of the infested animals could be collected in this research, we decided not to contemplate the involved body parts any further. 

Programmed versus stimulus-driven grooming
Programmed grooming would have an advantage in reindeer by removing most ticks preventively early in infestation. This would lower the final amount of adults and so lower the costs of their excessive feeding at the end of winter, when body reserves of reindeer are low (website: University of Alaska 2007).  
Whether reindeer perform programmed or stimulus driven grooming can not be justified by this study.
Grooming of the uninfested control group was observed, meaning this behavior is also performed in an environment free of winter ticks. Of course, grooming could also be performed for other reasons, such as  general coat care (Mooring & Samuel 1998a). Furthermore, the start of the cycle, when we performed the behavior studies, does not give a lot of information on its own. Even when both groups would have showed different grooming behaviors, this would not help in this stage to define whether programmed or stimulus-driven grooming is performed. Welch et al (1991) stated that within species with different grooming models, all infested species groomed more than the control animals. So even within species acting like the model of programmed grooming behavior, differences can be seen between infested and control animals. This can be explained by balancing the costs and benefits of grooming. The programmed-grooming hypothesis states that the grooming rate will be maximized when the cost of ticks is greatest and minimized when the cost of tick is lowest. Tick challenge may vary extremely in different habitats and during different times of the year. In this way grooming behavior is adjusted on either a geographical or seasonal basis.
To assure whether reindeer have a primary programmed or primary stimulus-driven grooming behavior, more research is needed. It would also  be an option to perform a literature study on the history of reindeer. This to make clear if the evolutionary relationship between reindeer and winter tick is long enough, contrary to moose, to have the reindeer adapted by developing an effective grooming behavior to remove winter ticks. A lot of factors should be kept in mind within this study then, because reindeer are originally from Eurasia and there might exist or have existed other parasites that could have influenced the developing of reindeer’s grooming behavior.
To observe the actual model of grooming behavior, the amount of grooming of infested animals has to be recorded during the whole cycle of the winter tick. A comparison is needed between the amount of grooming during the larval, nymphal and adult feeding period, as larvae cause the least cutaneous irritation and adult ticks the most. When less grooming is displayed during the adult stage of winter tick compared to nymphal and larval stages, this would be demonstrative for the programmed grooming model. Because greatest grooming effort would then not be performed in proportional response to the most irritation, but because of an adaptive central control mechanism. By this mechanism most ticks will be removed before they do the most harm.
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Appendix I: Protocol Grooming behavior study on reindeer
	The duration of the behavior study and the amount of animals to observe at the same time depends on the frequency of the grooming.
	In case it is a very rare behavior more animals could be observed at the same time, but they have to be observed over a longer period to detect the grooming. When there are two observers or more it is possible to watch a herd (until about ten animals) at the same time. In this case the observers can situate themselves on different sites of the herd, so a great overview in total is assured. When one animal exposes grooming behavior, one observer can occupy to identify the grooming animal whereas the other observer keeps watching all the other animals. Within this co-operation everybody has to have their own task, which also means that one observer is indicated to write down all the data. Observing a big group of animals at the same time requires some specific conditions: the animals must sufficiently stay together and the pasture must not have too many hiding places. This to decrease the chance animals escaping from the observers field of vision.
	In case the animals groom a lot, they  should be observed individually. A shorter time period, like 10 minutes, will suffice then. 
	At the end of each observing period, all of the observations should be converted to the same time period. For example they can all be extrapolated to 60 minutes, so it will be possible to compare the results.
	At all times a certain distance to the animals must be kept. It must be made sure that the animals are not disturbed (anymore) by presence of the observers when the behavior study  starts.
	Observations should only been made when the focal animal is standing.
	The animals should be identified (for example by their ear tags), using binoculars (in case it is very windy, it can be helpful to use a tripod to lay the binocular on)
	Every grooming behavior observed within the  specified observation period must be recorded (following the code mentioned below), this data could be completed with noting how long every specific behavior lasts (in seconds) and what body part is involved.
	Oral grooming= O
Tongue & incisor-canine teeth to body areas posterior to the neck hump

	Scratch grooming = S
Scratching neck, head or shoulder with hoof of hind leg

	Rubbing = R
Rubbing head, neck, shoulder, back or flank against an object like a tree or fence

	Headrub grooming = HR
Rubbing side of the head against the body

	Head shaking = HS
Shaking of the head, is not considered to be capable of removing ticks

	Body shaking = BS
Shaking of the body, is not considered to be capable of removing ticks

	After these capital letters a small letter could be written down to make clear which other body part is involved
	h = head and neck
	t = torso
	l = leg
	For example:  
12P: Sh 3 means that animal 12P is scratching head or neck for 3 seconds

	If it is really impossible to observe all the animals of the herd, there must be made sure that at least the animals who were observed last time are observed (so it will be able to compare the grooming behavior within one animal during time).
	The weather conditions and time of the day must also be recorded.
	All the handwritten data should be transported to the computer, by example in Excel sheets.


Appendix II: Developing a protocol for reindeer herd activity observations (Activity sheet)
 					special thanks to behavior biologist Kathreen Ruckstuhl
To get insight of a herd’s general behavior and possible influences by disease or other factors, an activity observation study can be performed.
At first it was intended to perform this activity study like it is performed on bighorn sheep by dr. Kathreen Ruckstuhl. It was the intention to observe the whole herd at once, during 2 bedding and 2 foraging periods.  
When we first observed the reindeer herd (reindeer herd infested with winter tick, later it turned out the herd suffered unrelated, severe health problems), it became clear these reindeer did not act like one herd. It was not possible to detect bedding and foraging periods for the whole group together.
Considering this situation with dr. Ruckstuhl we decided to observe the animals for 4 hours, so for a time period instead of a period of specific herd behavior.
Then another difficulty came up: The reindeer were mostly separated in smaller groups that constantly changed of composition because reindeer kept leaving and entering the separated groups. Therefore, when we performed our first herd activity observations it turned out it was only possible to watch 2 animals at the same time. Duration would get very long this way since every animal has to be observed for about 4 hours to get a good estimate of individual time budgets.  
Although focal sampling on activity budgets is more precise, we decided because of the practical limitations to switch to a completely different strategy:  scan sampling.
This was the definitive protocol when we decided, because of changes in experimental design, to terminate this activity study. The final protocol is stated below:
	Register the activity of each animal every 5 minutes (could also be 10 if 5 is too short but should always be the same interval).
	 Always start at the same end of the group and then go to the opposite end, recording all the activity’s with identifications.
	It does not matter whether every animal in the group can be seen. Hopefully it is possible, but it might be difficult in some conditions. 
	It is best to have the animal’s exact identification (by ear tag). If this is difficult to identify, at least the sex and age class of each animal has to be noted (like adfem = adult female and ymal = yearling male).





	R = ruminating 
	(Defecating, urinating etc are of less importance and do not have to be recorded)
	For example:	adfem L , yfem S, 12P G, admal W
meaning:  adult female laying, yearling female standing, 12P grazing, adult male walking

	Ruminating often takes place when the animal is laying, while grazing takes place when the animal is standing. It depends on the points of interest to see this as activities on its own or combined with the animals position. 
 For example: R or LR, G or GS

	On the activity sheet should be space left to write down comments. Like animals were interacting with each other.

	The biggest group of all has to be watched. Even when the composition is changing it is important to go just from left to right and record every other animal who is standing there on that particular moment.
	This scanning has to be done every 5 minutes (or other interval, see above) for a minimum of 4 hours. Then could be switched to another group or the same group could be observed for another period.
Since focal sampling is more precise, it is better to perform this way when the conditions allow this. Principles are the same as stated for the scan sampling, except for constant watching the whole herd (for 4 hours). 
Extra notes in focal sampling:

	Only activity’s lasting more than 1 minute have to be recorded.
 When an animal changes its behavior, the stopwatch must be quickly checked and an eye should be kept on this. The new activity should then only be noted if it will stick for more than 1 minute. If not, nothing has to be written down.
 For example: 30 seconds standing in-between lying and grazing does not count and the new grazing will have started whenever it started that activity.










	An extra option for help is using a dictaphone. When no time has to be spend to write the data down, the group can be observed more continuously. 
	Whenever focal sampling is too difficult, scan sampling will be the best option.








b) Total duration of grooming per time period (mean numbers)


Fig 3: Total of grooming events (mean numbers) in calves (N=3) and cows (N=7) of uninfested control group.


a) numbers of different grooming behaviors 


Fig 2: Different kinds of grooming activities (mean numbers) within uninfested control group (N=10).


b) duration of different grooming behaviors


a)	Total of grooming events per time period (mean numbers)
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